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| NTRODUCTI ON

| ncreasi ng nunbers of navigation projects are undergoi ng
rehabilitation and upgrading of |ock operations.>%*% Sone site
managers have designed and installed systens that involve
significant automation of the | ocking process. These changes are
noti vat ed by probable reductions in future | abor resources. In
recently observed cases, automated upgrades have exhibited
varyi ng degrees of success. This study exam ned vari ous
automated | ock designs. The follow ng sections describe sonme of
the comon trends and successful approaches observed.

GENERAL CONSI DERATI ONS

The designs of the autonmated control systenms examned in this
study were tailored to the required operations and site
characteristics of the projects. Sone operations such as
initiation of a |ocking event were mai ntai ned as manual control
functions. At sone sites, the renainder of the | ocking event was
automated. In these cases, the control systens provided
sequential actuation of the |lock gates and pool elevation control
valves. Site characteristics that inpacted the designs included
overall size, layout, access, and traffic. Larger sites which
for exanple contained |arge or dual |ocks tended to require

addi tional bypass or backup control features. Overall site
characteristics also influence the nunber of closed circuit

tel evision caneras (CCTV) required to nonitor site operations.
One study underway is considering automation of a site that
features a small traffic volume of pleasure craft. |In this case,
the option of renote operation of an un-manned | ock is being
consi der ed.

Al so subject to site characteristics is the nunber and | ocation
of control consoles. Each case exam ned herein featured a main
control room | ocated at the best vantage point and at | east one
auxiliary control console located in a booth along the | ock wall
or in another building. In sone cases, backup control consol es
were placed in booths adjacent to each gate of each |lock at the
site.



MAI N CONTROL EQUI PMENT AND | NSTRUVENTATI ON
Har dwar e

A typical control systemutilizes an industrial personal conputer
(IPC) for programm ng of | adder diagramlogic settings and
central coordination of a programmable |ogic controller (PLC)
system This machine nmay al so house the main user interface.

The PLC system consists of a central processor unit £CPU)

i nput/ out put nodul es, and associ at ed power supplies. I n general
the three conponents of the CPU are the m croprocessor, the |logic
menory, and the storage nenory. Figure 1. contains a schematic
bl ock di agram of a typical PLC system Logic nenory contains
storage of the instructions that result from execution of the

| adder diagramlogic. These instructions guide the reaction of
the PLC m croprocessor in response to inputs such as activating
or deactivating a field device or sensor. The |adder diagram

| ogic is devel oped and downl oaded from a programrer such as an

i ndustrial personal conputer (IPC). Storage nenory retains
numeri cal val ues such as obtained during arithmetic or counting
oper ati ons.

For successful signal transm ssion, input/output racks (I1OR) are
pl aced adj acent to concentrations of punps, gate operating

machi nes and associ ated sensors. These racks can be housed in
free standi ng booths that are environnment controlled or within
not or/ sensor control rooms (MSCRs). Hardwired signals fromthe
field devices enter the IOR and are converted to fiber optic
signals. Fiber optic signals can travel significant distances
wi thout suffering attenuation. Devices kept in the IORs include
| /O nodul es, renote interface nodul es, anal og i nput nodul es,
fiber optic nodules, relays, notor starters, data |oggers, and
devi ce power supplies. Figure 2. contains a typical schematic

| ayout of the control elenents of an automated navigation | ock.

Sof t war e

Several software prograns and functions have been used for
operation of PLC based control systens. Sone of the functions
are avail able in conbi ned packages avail able from PLC vendors.

PLC based control systens can require one or nore comruni cation
networks. A given comruni cation network may invol ve thousands of
feet of fiber optic control circuits, and twin axial nonitoring
cables, as well as interface nodul es, printers, additional |PCs,
and ot her devices. A network manager is used to nonitor,
mani pul ate, and trouble shoot the |ocal area network (LAN).

The | adder | ogic control programis executed by the PLC
processors. This programis devel oped and | oaded into the PLC
using software that is available fromthe PLC manufacturer. One
site design enployed a portable personal conputer to facilitate
reprogramm ng or nodification of the |adder |ogic control program



FI GURE 1. SCHEMATI C BLOCK DI AGRAM OF TYPI CAL PLC SYSTEM



FIGURE 2. TYPICAL LAYQUT OF PLC BASED CONTROL SYSTEM COVPONENTS



fromany location in the network that contained a network
interface nodul e such as at the PLC central processing unit.

Anot her site achieved the sane capability froma renote | ocation
vi a nodem connecti on.

Devel opment of a user/operator interface is executed using any of
a nunber of software packages recommended or supplied by PLC
manufactures. In general it is preferable to program | oad the
PLC | adder | ogic and define the PLC register assignnents prior to
devel oping the user interface. A commobn approach observed was to
devel op the user interface so as to resenble the traditional | ook
and feel of the old control console environnent. Screen icons
can be designed to resenble hardw red control conponents,

swi tches, push-buttons, lights, and indicators. One site took
the additional step of using infrared touch sensitive screens.

It was found however that the operators preferred using the
mouse. To conserve screen space in one design, once a "device
on" switch was activated, the user interface was progranmed to
automatically rel abel the screen icon as the "device off" swtch.
At another site, it was determ ned that each indicator |ight
could be programmed to represent 8 different output indications
dependant upon operation status.® Even with this nuch screen
conservation capability, the sites exam ned still had many nore
control elenments than could be di splayed on one screen. It is
typically necessary to configure the interface into a nunber of
status screens. These screens ranged from |l ock overviews to

i ndi vi dual val ve operation displays. Displays consist of status
lights, warning |lights, device status readings, gate position
readi ngs, and other indicators. A lock overview screen at one
site displays color and position changes of devices and gates as
the real-tinme status and positions of these el ements changes
during a | ock operation.

Mai n control consoles at different sites have been | ocated either
at upstream or downstream vantage points or in a control tower.
In addition, auxiliary control consol es have been placed in

boot hs at both ends of the |lock. Each of these control consoles
contains an I PC that functions as a user interface as well as a
network interface for reprogramm ng the controller logic. Al so,
in the event of a PLC systemfailure, hard wired by pass controls
have been devel oped by sone sites - designed as portable plug in
boxes depl oyabl e from any control consol e.

Moni t ori ng Devi ces

Tool s being enployed to facilitate site nonitoring include
conputer nmonitors, closed circuit television, fog |lighting,
position transducers, and other sensors. The follow ng sections
di scuss the use of these devices.

As nmentioned in a previous section, sonme sites use conputer
monitors to maintain a schematic display of the controlled
features of the |l ock. The operator scans this display to obtain



a real time indication of what systens, gates, or other
conponents are active and at which process stage they are
engaged. Screen representations are aninmated to indicate notion
and position of gates. Screen representations of sensors provide
anal og indicators of position transducers and ot her sensor

out put s.

QG her nonitors are dedicated to color CCTV displays of selected

| ock areas. In sone cases weat her seal ed caneras are pl aced at
each side of each gate on the lock wall. These observation
points provide views of traffic proximty, mter gate recesses,
gate bridges, slide gate positions, and other locations. 1In
general, it has been observed that at |east one nonitor systemis
situated adjacent to each control console of a given project. In
one case, the main control tower contained several color nonitors
mounted on the ceiling above the control system conputer

monitors. Caneras are keyboard or joy stick controlled with pan,
tilt, and zoom capability. Sone systens enabl e consi derabl e

di splay mani pul ation. Any canera inmage can be di splayed onto any
monitor. More than one canera i mage can be displayed on a single
screen. For night viewng at one site, outdoor area lights were
sel ected to provide 1-2 foot-candles of illumnation.?

SAFETY AND SECURI TY CONSI DERATI ONS

Wil e Corps of Engineers policy on | ock automation is under

devel opnment, a key issue is the continued safety of the personnel
and users of the locks. Successes in lock automation initiatives
have hinged on the delivery of cost effective | ock operation

W t hout conprom sing the safety and security of operators, users,
and | ocks. The follow ng sections present sone aspects of these
consi derati ons.

Per sonnel

Potential reductions in staffing requirenents brought on by
automati on neans that there are fewer personnel at risk. 1In
contrast, this also neans that there are fewer eyes and ears to
sense problens and fewer resources to | end a hand during
difficulties. Key areas of risk are the gate pedestrian bridges.
It is not difficult for nost sites to provide CCTV coverage to
these locations to nonitor for personnel or stray visitors during
a locking event. Sone sites are contenplating additional
precautions such as installation of infrared or other sensors on
the bridges. Signals fromthese devices could be incorporated as
interlock features of the |adder logic program In general, al
the safety interlocks that are typical of hard wired controls can
al so be incorporated into the | adder |ogic program

Lock Gates
I nside the lock, the potential for barge collisions to the | ock

gates is partially associated with comunicati on m scues between
the tug operator and the tow hands. These collisions could be



mtigated by providing the tug operator with green, yellow, red
indicator lights that could be activated by the PLC in response
to sonar or sensor feeds. Alternatively, a large screen nonitor
| ocated within each control booth and displaying the CCTV feed at
each end of the | ock could provide the sane function. Research
bei ng conducted at the U S. Arny Construction Engi neering
Research Laboratories is exam ning these new sensor

t echnol ogi es.”

PLC Equi pnent

Access to operator interfaces are guarded with pass word
protected |l og-ons. Installation and periodic upgrade of virus
protection software is advisable especially if any of the
network conputers are used for other applications or where
internet access is maintained. Appropriate cable shielding and
ot her actions may need to be taken due to possible radio
frequency interferences and instrunment cross talk. Optical

i sol ation of devices is recormended to protect against |ightning
or other power surges.

PROCUREMENT CONSI DERATI ONS

I n procuring an automated PLC based control system several issues
need to be addressed. Site nmanagers have devel oped strategies
that yield viable systens. The follow ng sections describe sone
of these wi nning strategies.

Equi prent Sel ecti on

In successful initiatives care was taken to ensure that all the
hardware in the network was conpatible with each of the software
packages in use. Personal conputers were selected with
expandabl e nenory and operation capabilities to facilitate future
upgrades. These procurenents al so included extensive spare parts
i nclusive of extra CPU boards, video controller cards, hard
drives, and other conmponents that may require quick replacenent.

Programm ng and Trai ni ng

Site personnel received factory or qualified contractor supplied
training on the use of the network instrunentation. The
graphi cal user/operator interfaces were designed to nmake the PLC
systemtransparent to the operator. Programm ng of the | adder

| ogi ¢ was conducted or closely guided by district engineers.
Simlarly, the user interfaces were designed and programed by
district engineers in coordination with site operators and staff.
For this purpose it is advisable to have a contractor train
menbers of the engineering staff in the use of the | adder |ogic
devel opnment software as well as the graphical user interface
devel opnent software. \Were resources are not available for in
house programm ng the contract can be configured to require both
factory and on site training of site personnel.



Testing

Successful procurenments may invol ve several stages of equi pnent
and systemtesting. Factory testing of all personal conputers
and connections is perforned to ensure operability of the
network. On site testing of the personal conputers is repeated
after all the hardware has been installed in the permanent
consol es and other locations. Each input and output in each IOR
is checked and verified in the factory.

In one case, the contractor was required to assenble a | ock
sinmulator in the factory to provide training to site personnel.
After factory testing and training, the sinmulator was dellvered
to the site and reassenbled in a building on site where operation
was rechecked and site personnel were allowed to practice
operations for an extended peri od.

I nstal l ati on

Successful systeminstallations are conducted with factory
personnel and contractors on site. All input and out put
connections in the IORs and the network are reverified. |IOR
connections are double checked utilizing the graphical user
interface sinmultaneously as all other systemsoftware is
rechecked on site.

Resour ces

Engi neering Technical Letter ETL 1110-2-553 entitled
"Control Stations and Control Systens for Navigation Locks and
Dans" provi des engi neering and design QU|dance on the | ayout of
control structures and the use of PLC systems.® Another resource
that will be available in FY99 is Engineering Manual EM 1110- 2-
2610 entltled Gate Operating Equi prent for Navigation Locks and
Spil lways.” This document will contain a section on control that
w || provide detail ed engi neering and desi gn gui dance on
aut omat ed and PLC based control systens for navigation | ocks.

SUMVARY

The automation of navigation locks is an energing area with
successful projects under way. Realization of viable automated
projects requires that site managers recogni ze the technical,
safety, procurenent, and training issues that influence these
operations. Projects equipped with high perfornmance eyes and
ears are being used to operate these facilities with increased
efficiency. Programmable logic controller systenms running on
fiber optic transm ssion networks enable site operators to
control nore elenments with fewer personnel resources. Manwhile
it appears that future advances in sensing technol ogi es may
further enhance the safety and efficiency of automated navigation
projects while enabling reductions in resource requirenents.
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